Introduction
Appropriate poultry manure management is essential to ensure maximum crop nitrogen (N) utilization and reduce risk of negative environmental impact. Poultry manure sources can provide a significant supply of nutrients for corn (Zea mays L.) production. While the main focus is usually on N and phosphorus (P), poultry manure is also an excellent source of other nutrients like potassium (K) as well as secondary and micronutrients where needed (Brock et al., 2006) . Field application is typically based on P due to high concentration relative to N in the manure, and application may be limited to avoid over application of P. However, concerns exist about possible N application at rates higher than needed for corn with potential for contamination of water bodies due to leaching or runoff of excess N.
In addition to the environmental implications of excess nutrients from manure application, the economic and agronomic aspects of incorrect application rates also need to be addressed. Poultry manures can have more readily crop-available N compared to other manure sources, such as cattle. For example, Rees and Castle (2002) found that corn had larger plant growth and yield response to poultry manure application. On the other hand, research work such as that of Chambers and Richardson (1993) suggest no need for additional commercial N fertilizer following a recent application of poultry manure. Other studies suggest that poultry manures have a rather slow release of plant-available N and in about one year approximately 67 percent of the organic N fraction is mineralized (Bitzer and Sims, 1988) .
The large variability observed in nutrient concentrations in manure is well known, with variation depending on source as well as management. This creates a need for understanding poultry manure nutrient content and availability using local sources of poultry manure to study applications with the soils, cropping systems and climatic characteristics of a particular region. The research reported here focus on the estimated supply of plant-available N from poultry manure to corn under producer' s crop production conditions including tillage, application timing, and manure sources. Nitrogen loss by runoff including total-N, ammonium-N, and nitrate-N fractions as important contributors to surface water nutrient standards.
On-farm research for N availability assessment
Trials were conducted at 18 locations on producers' fields across Iowa from 2004 to 2007, using diverse poultry manure sources and crop management practices. Previous crop for all locations was soybean, and sites with no recent manure application history. These trials evaluated plant-availability of N the year of application for corn, and locations were selected to evaluate N loses by runoff with simulated rainfall, and N movement in the soil profile. Manure was applied at two rates, a low and high rate based on total N analysis of the manure, intending to supply approximately 75 and 150 lbs total N acre-1, in addition to a no-manure control. Fertilizer N was superimposed to these manure treatments at 0, 50, 100, and 150 lbs acre-1. Nitrogen availability was estimated based on fertilizer N equivalent value.
Manure sources used for these on-farm trials clearly supplied plant available N for corn production ( Fig. 1 and  2 ). When sites were responsive to N, corn yields were increased from the manure N application. This research confirms that poultry manure is a viable N resource for corn production across a wide range of soils and production conditions. Across all N responsive locations and poultry manure types, the statistical confidence interval indicated that based on grain yield response 38 to 55% of applied manure total-N was available to corn in the year of application (Table 1) . Since manure applications included fall, winter, and spring, surface manure application with same-day to delayed incorporation, and comparison to fertilizer applied shortly after planting, any manure N losses from the soil system due to different application timing or volatilization would also be included in the estimates of manure plant N availability. However, the availability estimates do reflect supply of N to corn from poultry manure types with commonly used manure management practices, and therefore reflect estimates that would be useful for producers. Corn leaf chlorophyll meter readings collected at VT corn stage resulted in a lower and perhaps underestimated availability at 34% (Table 1) .
Using commonly practiced field manure application and cropping conditions, this study provided estimates of poultry manure plant available N supply that should be expected by producers using poultry manure as an N source in their corn production systems. These estimates would include volatile N losses. Considering that our data is based on multiple on-farm field trials conducted across Iowa with typical corn production conditions, a first-year poultry manure N availability range of 45 to 50% appears to be a reasonable estimate. To simplify producer estimation of poultry manure N supply, separate accounting for volatile losses may not be necessary and only use of the first-year plant N availability value would be adequate. 
Nitrogen runoff after manure application
Nitrogen from poultry manure surface applied to fields with soybean stubble was found to be susceptible to runoff losses with simulated rainfall applied shortly after application. Runoff total-N and NH 4 -N concentration and load losses increased as manure rate increased when not incorporated (Fig. 3) . Incorporation of manure reduced these impacts substantially, i.e. when incorporated, total-N losses were half and NH 4 -N losses were 1/10th that for nonincorporated manure. Tillage increased total-N in runoff when no manure was applied, but this increase was much less than the reduction benefit from manure incorporation for both total-N and NH 4 -N. The NO 3 -N concentration and load in runoff was at background levels with or without incorporation, and no differences were found among manure application rates (Fig. 3) . These results should be applicable to soybean-corn production fields with similar soil and environmental conditions. This study evaluated effects of a heavy rainfall within 2 d of manure application. Potential manure N loss ultimately depends upon the timing and number of rainfall events that produce runoff in naturally occurring conditions. Furthermore, the water quality impact of poultry manure N loss via surface runoff will depend on transport processes at the full field scale, which this research could not determine. However, it is clear from this study that heavy rainfall shortly after surface application of poultry manure in the fall or spring can result in elevated concentration and load of total-N and NH 4 -N in runoff and therefore increase N loss. Tillage to incorporate surface applied poultry manure and increase interaction with soil was shown to significantly reduce manure N losses in runoff water, while high manure application rates significantly increase manure N losses. Producers should avoid excessive application rates and consider incorporation to reduce the potential for runoff N losses during early postapplication rainfall events. 
Post-harvest soil profile nitrate
Poultry manure application had little effect on residual profile NO 3 -N at N responsive sites, but did increase NO 3 -N at the non-responsive sites (Table 2 ). This was similar for the 100 lbs acre -1 fertilizer N application. At the responsive sites, the highest levels were in the top foot of soil and decreased with depth. At the non-responsive sites, the levels were higher with depth, especially when manure or fertilizer was applied. Greater accumulation of residual N would be expected at the non-responsive sites as no N addition was necessary to achieve full corn production, and N application would result in residual nitrate accumulation. The 100 lbs acre-1 fertilizer application, in conjunction with the high manure rate, resulted in the overall highest profile NO 3 -N. Considering the total amount of manure N applied at each rate, especially with the high rates, there was little to no accumulation of inorganic NO 3 -N in the soil profile at responsive sites ( Table 2 ).
The accumulation of NO 3 -N measured in the soil profile of plots with only manure applied can be considered low and values are similar to those obtained by other research when no fertilizer N was applied (Guillard et al., 1995) , and lower than those found by (Bakhsh et al., 2000) in Iowa with study of various N management practices on residual NO 3 -N. Residual NO 3 -N accumulation comparable to unfertilized plots is indicative of optimal to deficient N levels. The profile levels measured with poultry manure application suggests that total-N applied in poultry manure is only partially crop available and likely the N that becomes plant available occurs before or during the period of plant uptake. The small amount of accumulated residual NO 3 -N at the end of the season does imply low leaching potential with poultry manure compared to fertilizer N (Bakhsh et al., 2000) . Table 2 . Post harvest soil profile nitrate (0-4 ft) from plots with manure rate and additional fertilizer nitrogen. Sites are classified based on response to nitrogen application in responsive and non-responsive sites (Ruiz Diaz, 2007) . 
